In a series of investigations1 into the reactivity of aquocobalamin and model compounds we have attempted to obtain insight into the factors that determine the solvent dependence of the kinetic parameters by separating the solvent effects in initial-state and transition-state contributions. The transfer Gibbs energies of the reacting compounds in mixed solvents, necessary for this approach and calculated from measured solubilities, in themselves provide interesting information on the solute-solvent interactions and the factors that control the kinetics. In this study we present the solubilities in dioxanewater mixtures of the following complexes : aquocobalamin chloride ([Bl 
Experimental Materials
The following cobalt complexes were prepared by established procedures.
16.1 % Co (calc. 16 .25%), analysis for the ClO, ion gave 27.3% (calc. 27.42%).
[Co(N,),(en),]ClO, was prepared according to Staples ., Elementary analysis was Abbreviations: en = diaminoethane, bim = benzimidazole, mbim = N-methylbenzimidazole, py = pyridine, DH = dimethylglyoximato group, (DO)(DOH), = 10.25%), analysis for H,O gave 5% (calc. 6.26%).
[mbimCo(D0)(D0H),,H20](C10,), was prepared from CO(DH)(DOH)~,B~,;* 250 mg was dissolved in 25 cm3 50% acetone-water v/v at 40 "C. To this solution a solution of 72mgmbim in 2cm3 acetone was added. After 5 min a solution of 2 equivalents AgClO, in 2 cm3 water was added. After 10 min the solution was filtered. The filtrate was left standing for 24 h. The resulting brown crystals were filtered and washed with water. The compound was purified by extracting impurities from the solid with chloroform (yield 50%). Elementary analysis was 9.10% Co (calc. 9.10%), 35.64% C (calc. 35.25%), 4.76% H (calc. 4.52%), 13.07% N (calc. 12.99%), 27.09% 0 (calc. 27.19%), analysis for the ClO, anion gave 30.0% (calc. 30.7%). Chemicals of analytical-reagent grade were used throughout this study. Acetonitrile (Baker) was used without purification and dioxane (Baker) was purified as described before.la
Solubilities of Aquocobalamin Chloride in Dioxane-Water

Apparatus and Procedures
The solubilities of all compounds were measured as previously describedlC in a specially designed solubility tube; equilibration for 2 h [bimCo(DH),Cl within 10 min]. The temperature accuracy was always better than 0.1 "C. The temperature region for the measured solubilities was 20-35 "C for aquocobalamin chloride, 15-45 "C for NO,Co(DH),H,O and 15-35 "C for CH,Co(DH),H,O.
The lH n.m.r. and 59C0 n.m.r. spectra were recorded on a Bruker WM-250 spectrometer. The 59C0 n.m.r. spectra were measured at a frequency of 59.73 MHz. U.v.-visible spectra were recorded on a Beckman Acta MIV spectrophotometer. Hydrolysis reactions of the cobalt complexes were followed on a Zeis M4QIII photometer. Infrared spectra were measured with a Perkin-Elmer 580 B spectrophotometer ; the compounds were suspended in paraffin oil and measured between NaCl discs.
Results
All compounds show the expected lH n.m.r. spectra. For the compound [mbimCo(DO)(DOH),,H,olo, two types of crystals were isolated. The cobalt The solubilities of aquocobalamin chloride in dioxane-water mixtures at 298.15 K were measured previouslylb by us with a different method. The solubilities were found to be equal within experimental error for the two methods.
For the calculation of the transfer Gibbs energies in dioxane-water mixtures the contributions of the perchlorate or chloride ion1* (after conversion to the molarity scale) were subtracted. The transfer Gibbs energies (a,G",,,) were calculated with the following formula i3mGzx, = -RT In Pm/Pw
where Pw is the solubility or the solubility product in water and P m that in the mixture (molarity scale). In fig. 1 the transfer parameters are shown for the dioxane-water The transfer enthalpy values for the chloride ion in dioxane-water mixtures, necessary to calculate the transfer enthalpy values for the aquocobalamin cation, were calculated from values of Bhatnagar;', the transfer entropy values were calculated with these and the transfer Gibbs energies. The results are shown in fig. 3 , where for comparison the previously publishedlb transfer values for the aquocobalamin cation in acetonitrile-water mixtures are included.
Calculations and Discussion
The transfer Gibbs energy curves ( fig. 1 ) all decrease at first on addition of dioxane to water. The more hydrophobic complexes are more strongly stabilized on addition of dioxane. The complexes ClCo(DH),H,O, CH,Co(DH),H,O, [Co(N,),(en),]+ and the aquocobalamin cation show a minimum in transfer Gibbs energy, which is more pronounced for the latter two compounds.
The transfer Gibbs energy can be considered as the sum of three tenns:13q14 (a) the cavity term, the energy needed to create a cavity in the solvent of suitable size to accommodate the solute molecule; (b) the coulomb interaction, the Born-type interaction between the charge of the solute and the solvent; (c) the specific interaction, including dispersion interactions and hydrogen bonding : For the metal complexes used here the coulomb term is small [Co(NH,)t+ excepted].
The cavity term can be calculated with the scaled particle theory (SPT).l39 l5 G,,, = G, + RT In (RT/ V ) (4) where Y, = (nN/6V) (xlan +x2bn) (n = 1-3)
x, and x, are the mole fractions and M, and M , the molecular weights of the two solvents, do is the density of the solvent mixture, N is Avogadro's number, a and b are the diameters of the two solvent molecules, D is the diameter of the solute molecule and P is the pressure.
The SPT has been successful in predicting transfer Gibbs energies, enthalpies and entropies of large organic solutes and apolar gases.l49 16* l7 Recently this theory was also applied to metal complexes; the partition coefficients of some acetylacetonatometal complexes for the partition between water and an organic phase were successfully calculated.18 Also, solubilities of tris(acetylacetonato)chromium(m) in aqueous alcohol mixtures were calculated with the SPT.19 It has been argued that the SPT cannot be applied to solutes that have strong and directional interactions with the solvent molecules. In that case the additivity of the cavity term and the specific interaction term is questioned.,O In our case the metal complexes do have these specific interactions. We fully recognise the limited applicability of the SPT in this case, but we only want to establish the order of magnitude of the cavity term and not a quantitative agreement between experiment and theory.
The following constants were used in the calculation of the cavity term; for the densities of the dioxane-water mixtures those of Griffithsz1 and for the acetonitrile-water mixtures those of Maslan et aL2, The diameters of the cavities that water, dioxane and acetonitrile occupy were taken as 2.76,17 5.2423 and 4. 12&17 respectively. The diameters of the cobaloximes could be estimated from the partial molar volume of NO,CO(DH),H,O~~ and the principle of group additivity.25* 26 The same principle was used for [Co(N,),(en),]+, where the crystal structure parameters of [Co(NO,),(en),]+ 27 were taken to estimate the diameter of the complex. The electrostriction was estimated from the relation found by van Eldik28 for cobaltammine complexes. The diameters are given in table 1. These values may not be very accurate, and are only used here for comparison. The cavity energy is not very sensitive to variations in the diameter of the solute, but is very sensitive to .variations in the diameter of the solvent.
The partial molar volumes of NO,Co(DH),H,O and aquocobalamin chloride were measured in dioxane-water mixtures and were found to vary by no more than 5 and 2 % , re~pectively.~~ The partial molar volumes of aquocobalamin chloride were also measured in acetonitrile-water mixtures ; in these mixtures a dramatic increase in partial molar volume of 20% was found.24 The cavity term was calculated for this system, using both a constant diameter for aquocobalamin chloride (14.4 A) and a variable diameter, calculated from the partial molar volume in the mixtures.
The transfer Gibbs energies of cavity formation were calculated. As expected, there is not much difference for the cobaloximes in the magnitude of the cavity term, the difference between water and 80% dioxane-water v/v being ca. 10 kJ mol-l. Aquocobalamin chloride shows the largest stabilisation caused by the decrease of the cavity term, the difference between water and 80% dioxane-water v/v being 30 kJ mol-l.
From the difference between amGZxpm and aGZ,, we find the specific interaction transfer Gibbs energy (amG&,,), which is shown in fig. 4 . The amGip,, curve for the small cobaloximes remains almost constant up to 50% dioxane-water v/v, after which 
Fig. 4. Transfer Gibbs energies of specific interactions (spec) [calculated with eqn (3) and (4)].
Symbols as used in fig. 1 . a destabilisation sets in, probably caused by the loss of hydrogen bonds as a consequence of the replacement of water by dioxane in the second coordination sphere. From the shape of the a,Gip,, curve it can be concluded that the small cobaloximes NO,Co(DH),H,O, CH,Co(DH),H,O and ClCo(DH),H,O are preferentially solvated by water. Aquocobalamin chloride also shows preferential solvation up to 40% dioxane-water v/v, as concluded before.lb An independent indication of the preferential solvation of these complexes can be obtained from 59C0 n.m.r. spectra in the solvent mixtures. The 59C0 n.m.r. chemical shifts are known to be very sensitive to changes in the chemical 30 A decrease in the donor properties of the solvent results in a decrease in electron density at the cobalt ion causing an upfield shift.2s We were able to measure the 59C0 n.m.r. spectra in the mixtures for CH,Co(DH),H,O, for which compound the solubilities are large enough over the whole composition range. The spectra were measured of almost saturated solutions. The linewidth was ca. 6000 Hz. In fig. 5 fig. 2) . This maximum has previously been ascribed to an increase in solvent structure at low acetonitrile contents.,, A roughly similar shape of the transfer Gibbs energy curve in these mixtures is found for [Co (NH3),l3+ (fig. 2) . The transfer Gibbs energies of cavity formation for aquocobalamin chloride calculated with either a constant or a variable diameter (calculated from the partial molar volumes) are shown in fig. 6 . In the latter case a maximum is observed at a higher percentage of acetonitrile than observed for amGzXp. It is not clear whether the partial molar volume changes in the acetonitrile-water mixtures for aquocobalamin chloride are completely caused by the changes in the size of the solute molecule or that other factors are i n v 0 1 v e d .~~~~~ A full discussion of the partial molar volumes of aquocobalamin chloride and NO,Co(DH),H,O will be published ~eparately.,~ We verified that the conclusions are not affected by the choice of the scale for the transfer parameters (i.e. molarity or mole fraction scale).
It is not possible to calculate cavity formation contributions to the transfer enthalpy and entropy values in the two mixtures, because the available thermal expansibilities do not cover the entire composition range necessary for these calculations. Maxima and minima in i 3, W profiles are generally attributed to changes in solvent structure and solvation/desolvation of the solutes. The nature of the dioxane-water interactions in the water-rich region is still controversial as to whether dioxane enhances or breaks the water s t r u~t u r e .~~-~~ When we compare the results for aquocobalamin in dioxane-water and acetonitrilewater mixtures and attribute the maximum at 10 vol% in the amGo values to structure enhancement in acetonitrile-water, then dioxane is effectively a structure breaker when added to water. Both for dioxane and acetonitrile mixtures eventually the structure of water is broken down. The differences in the a, H" and a, S' profiles for the studied compounds between the two solvent systems might be partially attributed to a difference in solvation after 70 vol% cosolvent.
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